Tin sulfide (SnS 2 ) nanoflowers (NFs) with highly photocatalytic activity for wastewater treatment may lead to potential health hazards via oral routes of human exposure. No studies have reported the hepatic effects of SnS 2 NFs on the metabolic function and hepatotoxicity. In this study, we examined the hepatic effects of the oral administration of SnS 2 NFs (250-1000 mg/kg) to ICR mice for 14 days, with the particle size ranging from 50 to 200 nm. Serum and liver tissue samples were assayed using biochemical analysis, liver histopathology and metabolic gene expression. The different sizes of SnS 2 NFs (250 mg/kg dose), such as 50, 80, and 200 nm, did not induce any adverse hepatic effect related to biochemical parameters or histopathology in the treated mice compared with controls. The oral administration of 50-nm SnS 2 NFs at doses of 250, 500, and 1000 mg/kg for 14 days produced dose-dependent hepatotoxicity and inflammatory responses in treated mice. Furthermore, the expression of metabolic genes in the liver tissues was altered, supporting the SnS 2 NFrelated hepatotoxic phenotype. The oral administration of SnS 2 NFs also produced abnormal microstructures in the livers of the treated mice. Taken together, these data indicate that the increased risk of hepatotoxicity in SnS 2 NF-treated mice was independent of the particle size but was dependent on their dose. The no-observed-adverse effect level was <250 mg/kg for the 50-nm SnS 2 NFs. Our study provides an experimental basis for the safe application of SnS 2 NFs.
. SnS 2 nanomaterials have electrical and nonlinear optical properties that are different from those of SnS 2 blocks or thin films. Hexagonal nanosheets, in addition to being nontoxic, have advantageous uses as photocatalysts and possess high efficiency, chemical stability in acidic and neutral pH aqueous solutions and thermal stability in air (Du et al., 2011; Zhang et al., 2013) . Similarly, SnS 2 nanoflowers (NFs) are novel nanomaterials with excellent photocatalytic properties, but their potential public health effects remain unclear.
We have previously shown that the overdose of intraperitoneally injected SnS 2 NFs can cause damage and increase the permeability within the blood-testis barrier in mouse testicular tissues. In addition, nanosized SnS 2 particles (50 and 80 nm) exhibit greater reactivity than microsized SnS 2 particles (200 nm) . SnS 2 NFs are widely used in consumer products, including paints, textiles and sunscreens, and particularly for photocatalytic and antibacterial applications (Wallach et al., 2015) . Alongside this, SnS 2 NFs can play an important role in waste water treatment, and it may create a risk for the pollution of soil and water resources. Therefore, the gastrointestinal tract becomes an important absorption route for SnS 2 NFs, and disturbances in the amino acid metabolism and gut microflora environment results in liver injury (Bu et al., 2010) . Furthermore, existing information on the relationship between SnS 2 NFs and liver toxicity is very limited, particularly in relation to in vivo studies. Therefore, in this study, 3 different sized SnS 2 NFs (50, 80, and 200 nm) were prepared and repeatedly orally administered to mice at doses of 250, 500, and 1000 mg/kg for 14 days to evaluate hepatotoxicity. The resulting biochemical reactions, oxidative damage, metabolic changes and microstructures of the liver tissues, as well as inflammatory responses and histopathological effects, were studied to evaluate the hazardous effects of SnS 2 NFs.
MATERIALS AND METHODS
Chemicals and characterization of SnS 2 NFs. 3 different sizes of SnS 2 NFs (the diameter were 50, 80, and 200 nm) with high purity were provided by the Department of Applied Physics, Tianjin Key Laboratory of low-dimensional materials physics and preparing technology, Faculty of Science, Tianjin University.
SnS 2 NFs were synthesized by a 1-step hydrothermal growth reaction. All the chemicals used in this experiment were of analytical grade without further purification. The method of synthesis and characterization of of SnS 2 flowers has been introduced in our recent article . To understand how SnS 2 NF behave and where it translocated across the digestive tract and then to liver, the hydrodynamic sizes and zeta potential of SnS 2 NFs were examined using a Zetasizer (Malvern Nano-ZS90, Britain) to examine the aggregate or distributed status of SnS 2 NFs in acidic solution with BSA (bovine serum albumin) or not at various pH values (Fed: stomach pH2.98 and duodenum pH4.04; Fasted: stomach pH4.04 and duodenum pH4.74 in mice) (McConnell et al., 2008) . The mean particle diameter is calculated by the software from the particle distributions measured.
Pure SnCl 4 .5H 2 O was purchased from Tianjin Superstar st source Chemistry Technological Co., Ltd. (Tianjin, China). Triton X-100 was purchased from Shanghai Yiteng Biological Science and Technology Co., Ltd. (Shanghai, China). Pure ethanol amine was purchased from Shanghai Mindray Chemistry Technology Co., Ltd. (Shanghai, China). Chemicals were all guaranteed reagents.
Animal rearing and treatment. As the main aim was to test whether SnS 2 NFs could induce hepatic toxicology but not concerned about gender differences, male mice were employed in this study. Adult 70 male specific-pathogen-free Institute of Cancer Research (ICR) mice, body weight (BW) 29-33 g, bought from the Laboratory Animal Center of North China University of Science and Technology and conducted in full accordance with the PHS Policy on Humane Care and Use of Laboratory Animals. The experimental protocol was approved by Animal Care Welfare Committee. The mice were kept in plastic cages with a controlled environment at 22 C-26 C, with 55%-60% humidity and a 12-h light/dark cycle. Standardized granular food and sterile water were provided ad libitum. After 1-week feeding, mice were assigned randomly into 7 groups as follows: mice were intragastric administrated with SnS 2 flowers of 50, 80, and 200 nm in a 250 mg/kg dose for 14 days (10 mice per group), respectively for size-different toxicity tests. Mice were also treated with SnS 2 NFs (size: 50 nm, dose: 250, 500, and 1000 mg/kg) by intragastric administration for 14 days (10 mice per group) for repeated-dose toxicity test. The control group was treated with de-ionized water without SnS 2 NFs, which was prepared by the same process to prepare SnS 2 NFs suspension. After the last time, the weight of mice was recorded and then each mouse was killed with collection of 1 ml blood and total liver tissues. The specimens were stored in À80 C and the liver tissues were fixed in formaldehyde fluid prepared for histopathologic examination.
The general situation and the coefficient of the liver. We observed mice eating and drinking of water, fur luster and mental state and compared the mouse' BW. After the mice were sacrificed, the liver tissue of each mouse was weighed in electronic scale. Then the formula (liver coefficient ¼ total liver wet weight/BW Â 100%) was used to calculate the viscera coefficient.
The content of tin in whole blood and various parts of the body. Tissue samples including liver, kidney, spleen, heart, brain, testicle (each for 0.1 g) and 1.0 ml whole blood were taken from SnS 2 NF-treated mice and control in each group, then digested and analyzed for tin content by 7500 type inductively coupled plasma-mass spectrometry (ICP-MS, Agilent, USA). The working conditions of ICP-MS were as follows: emission power, 1420 w; frequency, 27.12; atomization pressure, 32Ibf/in2; auxiliary gas flow, 1.08 l/min; injection speed, 1.85 ml/min; dilute nitricacid (2%) flushing time, 1 min; ultrapure water flushing time, 1 min.
Determination of liver function. Mouse blood samples were processed for alanine aminotransferase (ALT) and aspartate aminotransferase (AST) using Dimension@ clinical chemistry system (Dimension AR, Delaware) kits and blood serum biochemical analysis were obtained from biomerieux, Laboratory of Reagents and Products (Marcy Letoile, France).
The determination of hematologic indexes. Blood counts were measured by assaying 1 specimen from every mouse for red blood cells (RBCs), average red blood cell volume (MCV), mean red blood cell hemoglobin concentration (MCHC), and white blood cells (WBCs) on the Advia 120 (Bayer Diagnostics) automated hematology analyzer.
Histopathology and ultrastructure analysis. A liver slice was cut from the middle of the biggest lobe in SnS 2 NF-treated mice and control. The liver tissues were taken out of 4% formaldehyde, following with regular dehydration, transparent, paraffin embedding, sectioning and dewaxing. After hematoxylin-eosin (HE) staining, again with dehydration, transparent and sealing, liver histopathology was observed in light microscope and photos were taken. Liver tissues were prefixed in 2.5% glutaraldehyde, washed in a cacodylate buffer and post fixed in 1% osmium tetroxide. Tissues were then dehydrated in ascending grades of alcohols and embedded in an eponaraldite mixture. Ultrathin sections stained with uranylacetate and lead citrate were examined under a transmission electron microscope (FEI Tecnai G212, Phillips, Holland). Livers from 3 mice of each experimental group were randomly collected for these analyses. Three blocks of each group and 10 electron micrographs for each block were examined.
RNA isolation and RT-PCR. The primer sequences listed in Table 1 . Total RNA was extracted from liver tissues using RNA Easy kit (Qiagen, Germany), according to the manufacturer's protocol. 1 lg of RNA was subjected to reverse transcription using firststrand cDNA synthesis kit (Invitrogen) according to the manufacturer's instructions. qRT-PCR of mRNAs was performed using Platinum SYBR Green qPCR Super Mix UDG Kit (Invitrogen), and real-time PCR experiments were carried on a ABI 7500 FAST system (Life Technologies). Relative amount of transcripts was normalized with b-Actin and calculated using the 2 ÀDDCt formula as previously described in Ma et al. (2017) .
Western blot analysis. Expression of Cyp27a1, Cyp7a1, Cyp7b1, Cyp8b1, Abca1, Abcg5, Abcg8, Bsep, Ntcp, Oatp1, Mrp2, Aldoa, Cyp1a2, Fmo1 was assayed by western blotting. Liver tissue extracts were separated by SDS-PAGE, and transferred onto PVDF membrane (Millipore). Membranes were blocked with 5%milk in TTBS for 2 h at 37 C and incubated overnight at 4 C with the following primary antibodies: rabbit antiCyp27a1(1:1000, 19195-1-AP, Proteintech), rabbit antiCyp7a1 (1:1000, 18054-1-AP, Proteintech), rabbit antiCyp7b1 (1:1000, 24889-1-AP, Proteintech), rabbit antiCyp8b1 (1:1000, 63-644, ProSci), rabbit antiAbca1 (1:1000, PA132129, thermo), rabbit antiAbcg5 (1:1000, 27722-1-AP, Proteintech), rabbit antiAbcg8 (1:1000,PA116792, thermo), rabbit antiBsep (1:1000, 18990-1-AP, Proteintech), rabbit antiNtcp (1:1000, GTX11902, GeneTex), rabbit antiOatp1 (1:1000, 17163-1-AP, Proteintech), rabbit antiMrp2 (1:1000, 24893-1-AP, Proteintech), rabbit antiAldoa (1:1000, 11217-1-AP, Proteintech), rabbit antiCyp1a2 (1:5000, 19936-1-AP, Proteintech), rabbit antiFmo1 (1:1000, ab225910, Abcam), and rabbit anti b-actin (1:5000, Proteintech). Membranes were washed and incubated with the appropriate horseradish peroxidase-conjugated secondary antibody (Cell Signaling Technology). Protein bands were detected by ECL plus (Thermo Scientific) and b-actin was served as an internal control for protein loading. Quantity One software version 4.6.2 was used to quantify each band area and density in blots. Quantified band intensities are presented as fold of control. Three repeat experiments were performed independently.
Immunohistochemical staining. Immunohistochemical staining was performed with 5 lm paraffin cross-sections from the liver. After deparaffinized with xylene and rehydrated. Endogenous peroxidase activity was quenched with 3% hydrogen peroxide in methanol for 10 min, and then the slides were preincubated with 10% normal goat serum and then incubated with primary antibodies antiCD68 (25747-1-AP, Proteintech), antiNF-jB (14220-1-AP, Proteintech), antiBax (50599-2-Ig, Proteintech). Next, sections were washed in phosphate-buffered saline (PBS), incubated with an appropriate biotinylated secondary antibody, washed and incubated with streptavidin-peroxidase. Staining was visualized by adding 3, 3 0 -Diaminobenzidine (DAB Substrate, Roche, Mannheim, Germany) with subsequent counterstaining using hematoxylin. Sections were rinsed in tap water, dehydrated through 70%-100% graded alcohol, cleared in xylene and finally mounted in permanent mounting medium. Immunohistochemical micrographs were taken with the FSX-100 microscope camera system (Olympus, Tokyo, Japan). Three sections were analyzed for each sample.
Statistical analysis. All data were analyzed using 1-way univariate analysis of variance followed by LSD (equal variances assumed or homogeneity of variance after the variable transformation) or Dunnett's T3 (equal variances not assumed after the variable transformation justification) for posthoc test between groups using Statistical Package for Social Sciences (SPSS package version 16.0) software (SPSS, Chicago, Illinois). The results were represented as mean 6 SD. All tests were 2-sided, and p < .05 was considered statistically significant.
RESULTS

Characterization of SnS 2 NFs
The characterization of SnS 2 NFs has been reported in our recent article . Simply, SnS 2 NFs exhibits flowerlike structures with diameters of 50, 80, and 200 nm. Each flowerlike structure consists of tens of nanosheets, which act as building blocks. These nanosheets are connected to each other to bulid 3D flowerlike structure.
To investigate the disperse state of the 50-nm SnS 2 NFs in deionized water (DI H 2 O) or PBS Dynamic light scattering (DLS) and laser doppler velocimetry (LDV) were performed to detect that. DLS results showed agglomeration of the 50-nm SnS 2 NFs 2 times greater than their primary particle size at 116 nm in DI H 2 O and 4 times nearly their primary size at 192 nm in PBS .
To further understand how SnS 2 NF behave and where it translocated across the digestive tract and then to liver, the hydrodynamic sizes and zeta potential of SnS 2 NFs were examined using a Zetasizer (Malvern Nano-ZS90, Britain) to examine the aggregate or distributed status of Figs. 1D-F) . The results showed that there was no size dependent difference in accumulation could be due to aggregation of SnS 2 NFs, they accumulate to different size in different pH values solution and could bind to protein. More importantly, the agglomeration of the SnS 2 NFs is increased in the same pH environment with BSA addition than that without BSA. Thus, although there is different size, the 50 and 200 nm material would have same size of agglomeration and lead to same toxic potential effects in vivo.
The General Condition and the Liver Coefficient
The BWs, liver coefficients, mental station, food and water consumption, coat condition, and paw skin surface appearance of mice after intragastric administration of SnS 2 NFs (dose: 250 mg/kg; size: 50, 80, and 200 nm) were not significantly different (p > .05, Table 4 ). Similarly, intragastric administration of 50-nm SnS 2 NFs at doses of 250, 500, or 1000 mg/kg for 14 days also showed no significant changes in all groups (p > .05, Table 4 ).
The Tin Contents in Whole Blood and Liver Tissues After intragastric administrated of 3 different sized SnS 2 NFs (dose: 250 mg/kg, sizes: 50, 80, and 200 nm) and 3 different doses of SnS 2 NFs (size: 50 nm, doses: 250, 500, and 1000 mg/kg) for 14 consecutive days, organs (liver, kidney, spleen, heart, brain, and testis) especially in the liver and the whole blood were extracted and lysed with nitric acid for tin measurement by ICP-MS. As PdI, polydispersity index shown in Table 5 , the tin concentrations were not significantly modified in the mice administrated with different sized SnS 2 NFs than in controls (p > .05). The blood and liver tissue tin concentrations after administration of 250, 500, and 1000 mg/kg doses of 50-nm SnS 2 NFs were significantly higher in the blood and liver tissues of the 500 and 1000 mg/kg SnS 2 NFs-treated groups (p < .01) than in controls.
Effects of SnS 2 NFs on RBC, WBC, MCV, and MCHC
The RBC and WBC counts, MCHC and MCV values after intragastric administration of a 250 mg/kg dose of 50-, 80-, and 200-nm SnS 2 NFs for 14 days (Table 6) were not significantly different from the control group results (p > .05). The corresponding values following treatment with 250, 500, and 1000 mg/kg doses of 50-nm SnS 2 NFs were shown in Table 7 , the SnS 2 NFs groups were not significantly different from controls (p > .05).
Effects of SnS 2 NFs on the ALT and AST
The hepatic injury markers ALT and AST concentrations after intragastric administration of 250 mg/kg of 50, 80, and 200-nm SnS 2 NFs for 14 days (Table 8) were not significantly different from the control group results (p > .05), indicating the liver injury was not evident. The corresponding values following treatment with 250, 500, and 1000 mg/kg doses of 50-nm SnS 2 NFs (Table 9) 
Effects of SnS 2 NFs on Liver Histopathology
Results of the pathological evaluation of HE-stained liver tissue are shown in Figure 2 . The control tissue included radially arranged lobules surrounding an axial central vein and polygonal hepatocytes with clear contours (Figure 2Aa ). Tissue exposed to 50, 80, and 200-nm SnS 2 NFs revealed no modification under microscope (Figs. 2Ab-d) . Immunohistochemical staining showed weak expression of CD68 among 50, 80, and 200 nm groups and control (Figs. 2B and 2C ).
HE staining result of liver tissues from mice treated with 250, 500, and 1000 mg/kg doses of 50-nm SnS 2 NFs were shown in Figure 2D . When compared with the control, which had the appearance of normal liver (Figure 2Da ), tissues exposed to 250, and 500 mg/kg SnS 2 NFs also had no gross morphological changes (Figs. 2Db and 2Dc) . However, tissues exposed to 1000 mg/kg SnS 2 NFs had slightly disrupted cellular arrangements, moderate interstitial hyperemia, and sporadic and focal infiltration of inflammatory cells ( Figure  2Dd ). Immunohistochemical staining showed weak CD68 expression in the livers of the control and 250 mg/kg group. However, immunohistochemical CD68 expression progressively increased with the exposed doses after administration of SnS 2 NFs (Figs. 2E and 2F ).
Effects of SnS 2 NFs on Metabolic Function and Hepatotoxicity
A recent study shows that oral administration of NPs in mice affects the expression of metabolic genes and liver metabolism (Yang et al., 2017) . We therefore examined the effects of SnS 2 NFs on a panel of genes involved in the bile acid metabolism, cholesterol efflux, transporters, and hepatotoxicity (Lokman et al., 2017; Miao et al., 2015) . Affected liver tissues were harvested for RNA extraction and western blot after the intragastric administration of the SnS 2 NFs. In these experiments, 4 of the 14 genes showed significant differences correlating with SnS 2 NF-induced hepatotoxicity ( Figure 3A) . Among genes encoding uptake transporters, Oapt1 increased significantly in the high dose group, which could contribute to the elimination of metabolite in the blood circulation including bilirubin. Aldoa mainly catalyzed the transformation among dihydroxyacetone phosphate, glyceraldehyde-3-phosphate and fructose 1, 6-bisphosphate in glycolytic pathway, involved in carbohydrate metabolism, cell glucose homeostasis, lipids and fatty acids metabolism. Cyp1a2 is a member of the cytochrome P450 superfamily of enzymes involved in drug metabolism and synthesis of cholesterol, steroids and other lipids. The flavin-containing Figure 3B , there was no difference in the modifications of Cyp27a1, Cyp7a1, Cyp7b1, Cyp8b1, Abca1, Abcg5, Abcg8, Bsep, Ntcp, and Mrp2 proteins in liver tissues of SnS 2 NF-administrated mice and control. The modifications of Oapt1, Aldoa, Cypla2, and Fmo1 were further validated by Western blot analysis shown in ( Figure 3C ). In this study, Oapt1 and Aldoa were increased by 1.38-and 1.26-fold, respectively, and Cypla2 and Fmo1 were decreased by 0.72-and 0.65-fold, respectively, the results are consistent with PCR results, indicating SnS 2 NFs had no effect on bile acid and cholesterol metabolism. However, SnS 2 NF-applied liver tissues mainly contributed to defects in hepatotoxicity.
Effects of SnS 2 NFs on Liver Ultrastructure Alteration
In control and 250 mg/kg groups, all the nuclei were round and no breakage of organelles were observed, indicating the right procedures of the sample preparation (Figs. 4A and 4B) . In mice treated with SnS 2 NFs 500 mg/kg/day, the number of mitochondria increased in endoplasmic reticulum ( Figure 4C) . Furthermore, the number of mitochondria increased more severe in mice treated with SnS 2 NFs 1000 mg/kg/day than that in control ( Figure 4D ).
Effects of SnS 2 NFs on Liver Inflammation and Apoptosis
The effects of SnS 2 NFs on inflammation and apoptosis were evaluated by assay of the mRNA expression of genes regulating inflammation and apoptosis. None of the 4 genes transcription was modified after oral administration of 50-, 80-, and 200-nm SnS 2 NFs, compared with control (p > .05, Figure 5A ). Although the corresponding values following treatment with 250, 500, and 1000 mg/kg doses of 50-nm SnS 2 NFs in the 250, 500 mg/kg groups and controls were not significantly different, expression of TNF-a, IL-10, Bax, and Bcl-2 in the 1000 mg/kg group were higher than in control group (p < .05, Figure 5B ). Furthermore, weak immunohistochemical staining of NF-jB was seen in cytoplasm, and stronger staining in the nuclei of liver cells in mice after treatment with 1000 mg/kg SnS 2 NFs (Figs. 5C, 5D , 5G, and 5H). This was consistent with the presence of inflammation as a consequence of NF-jB activation. In addition, apoptotic cells were identified in liver tissues by immunohistochemical Bax staining of, which revealed only a few positive cells in control mice, indicating a basal level of apoptosis. The numbers of apoptotic cells was increased in liver tissue of mice treated with 1000 mg/kg SnS 2 NFs compared with control (Figs. 5E, 5F , 5I, and 5J).
DISCUSSION
The biological effects of metal-containing NPs are influenced by their properties such as shape, size, dose, material components and dissolution. Both decreasing particle size and increasing concentration increase the toxicity of copper NPs (Prabhu et al., 2010) , and Polytetrafluoroethylene toxicity decreases with aggregation and increases with grain size of >100 nm (Johnston et al., 2000) . Wang et al. (2006) have reported that 58-nm zinc NPs cause less liver injury than microsized zinc particles (1.08 lm) (Wang et al., 2006) . Warheit et al. (2006) have shown that nanoand microsized TiO 2 particles induce the same degree of inflammation and cell damage in rat lungs and that their toxicity does not significantly correlate with the particle size (Warheit et al., 2006) . Overall, the relationship between the particle size and tissue damage by nanomaterials is unclear, and the evidence is contradictory.
Although SnS 2 as a compound has low toxicity, its toxicity may differ as NPs. In this study, we compared the toxicity of different sizes of SnS 2 NFs in mice and found that the oral administration of 50-, 80-, and 200-nm SnS 2 NFs at 250 mg/kg had no effect on liver injury, whereas the repeated oral administration of 50-nm SnS 2 NFs in distilled water at 1000 mg/kg induced hepatotoxicity and these mice were asymptomatic, which gave an important clue regarding the no-observedadverse-effect level. Tin levels in the mouse liver significantly increased after the oral administration of SnS 2 NFs at different doses and became the material basis for subsequent hepatic injury. Although different sizes of SnS 2 NFs (50, 80, and 200 nm) at 250 mg/kg did not influence hepatotoxicity, pathological evaluation revealed moderate interstitial hyperemia along with sporadic and focal inflammatory cell infiltration in the liver tissue of the mice treated with a high dose (1000 mg/kg) of 50-nm SnS 2 NFs. This result is consistent with that of a previous study by oral administration of TiO 2 NPs in mice (Wang et al, 2007a) . The AST/ALT ratio did not change in the 50-, 80-, and 200-nm groups but increased in a dose-dependent manner in the 250, 500, and 1000 mg/kg groups and became significant for the 1000 mg/kg group. From these findings, we can deduce that SnS 2 NFs showed no obvious acute toxicity in 2 weeks and SnS 2 NFs could be transported to liver tissues after uptake by gastrointestinal tract. In this experiment, after oral ingestion of massive SnS 2 particles (1000 mg/kg) once, the difficult clearance of 50-nm SnS 2 in vivo may directly result in the particle deposition in the liver. Similarily, after oral exposure to low dose of SnS 2 NFs (even <250 mg/kg) for long term, the mice could also exhibit a significantly increased hepatotoxicity because of the particle accumulation in the liver and lead to the hepatic lesion.
Hepatic transporters are crucial for the efflux of bile acid and the elimination of metabolites such as bilirubin. Transporter regulation is an adaptive mechanism that minimizes the toxic effects (Yang et al., 2017) . In this study, among various transporters, the uptake transporter gene Oapt1 was upregulated in the high-dose group, and several hepatotoxicity genes, including Aldoa, Cyp1a2, and Fmo1, were modified as the concentration of SnS 2 NFs administered to the mice increased. The bile acid synthesis enzyme Cyp8b1, which determines the bile salt profile, as well as other bile acid enzymes such as Cyp27a1, Cyp7a1, and Cyp7b1 did not show consistent or considerable change following the administration of SnS 2 NFs. Although the levels of cholesterol and bile transporters (Abca1, Abcg5, Abcg8, Ntcp, Mrp2, and Bsep) increased following the administration of SnS 2 NFs, the increase was not significant. These results suggested that the repeated exposure to SnS 2 NFs in the high-dose group altered the expression of several metabolic genes in the liver, supporting the above biochemical phenotype, was a physiological response and adapting mechanism for alien invasion. Both inflammation and apoptosis are responses to the exposure to toxic materials (Roberts et al., 2009) . The exposure to 50-nm SnS 2 NFs induced NF-jB-mediated inflammation and apoptosis in the liver. NF-jB activation in the liver may have been directly or indirectly involved in the reduced cell growth during generalized oxidative stress, with the simultaneous presence of inflammation, given that TNF-a and IL-10 are inflammatory mediators of oxidative damage that are induced by toxic materials and carcinogens (Hussain and Harris, 2007) that ROS can stimulate NF-jB activation (Morgan and Liu, 2011) . The apoptotic status can be checked by examining the expression of several apoptotic genes. As shown in Figure 4 , inflammatory factors and apoptotic genes remained unaffected for the different-sized groups and in low-dose groups but were modified in the highdose group (50 nm; 1000 mg/kg), which is consistent with the results of biological analysis and pathological examination.
CONCLUSIONS
Repeated oral administration of high-dose (1000 mg/kg) SnS 2 NFs (50 nm) resulted in mitochondria increased, inflammatory responses and moderate apoptosis in liver tissue. Modification of hepatic metabolism by SnS 2 NFs might pose risk of metabolic disease. These data provided useful information for risk analysis and the regulation of nano-sized materials by administrative agencies.
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